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DASA Symposium on Small Boy Event 
rograms 2, 6 and 7 


East Building Lecture Room, Bldg 2 
Netional Bureau of Standards 
Washington, D.C. 

0900 ~ 1600 
13 - 14 November 1952 

CDR W. W. Ennis, USN, Chairman 


P, Haas, DOFL, Co-Chairman 
Dr. C. A. Blank, DASA, Assistant 


Welcome .sessecee ecvccecelt.Col. R. W. McEvoy, USA 
Introductory Remarks .......+.+.seGeneral R. H. Booth, USA 
Administrative Remarks .e.ccesceeke Haas 


Session I — Environmental Measurements 
Dr. L. Wouters, Chairman 


Project Title Project Officer 
Gemma Dose Rate P. A. Caldwoll 


Neutron Flux Measurements J. H. McNeilly 


Integrated Gamma Dose R.F. Benck 
Neutron Dose Rate Dr. S. Kronenberg 


Semired Initial Gamma Flux Dr. S. Kronenberg 
Measurenents 


Coffec Break 


Soil Conductivity R. A. Black 
Measurements 


Air Conductivity Dr. M. Jones 


Dr. E. D. Draycott 


Gamma Environment Dr. 4. Odell 


Neutron and Gamma G. Hansen 
Moasurements 


EG & G Gamma Measuronc ts M. Knapp 


Session II — Megnotic Ficld Measurements © 


P. Haas, Chairman 


Time Project Title Project Officer 


1430 — 1500 6.2 Magnetic Loop Measurements F. 


1500 = 1530 6.3 Inhcrent Magnetic Ficld tLe 


feasurenents 


Wiminetz 


D. Hanscome 


1530 — 1545 T.S01 VLF Loop Mr. Salton 


Wednesday 14th November 1962 


Session III — Pragmatic Measurements 
Capt. W. Henderson, Chairman 


0900 — 0945 Earth Current Measurcoments 


0945 — 1015 ‘ -Cable Loop Measurements 


1015 = 1045 Instrumental Measurements 


1045 1100 Coffee Break 


1100 — 1115 Response of Blectric Power 
Systems 


1195; = 1130 Blectromagnotic Radiation 
Vulnerability 


Magnetic Measurements 


Lunch 


Session IV — Blectric Field Measurements 


Dr. J. Malik, Chairmen 


4300 1330 Blectric Field Measurements We 


1330 — 1345 Earth's Static Field lie 


Measurenents 


1345 — 1415 Correlation of Present and Previous H. 
Blectric Field Measurements 


Flanage~ 


Schwert .o- 


BE. Dinger 
J. Weiboll 


J. Garrard 


Nesbitt 


Whitson 


Reno 


115 — 1445 ANRE Measurements S.D. Abercrombie 


1445 — 1500 Airborne Eloctric Field Mcoasurenents LCDR K. Butler 


1500 = 1515 Blectromagnetic Radiation Vulnerability R. 


Parker 


Sossion V — Panel Discussion and Freo-For— All 


Dr. C. Longmire, Chairman 


1515 — 1615 Theoretical Consideration and Comments 
on the Deta 
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JOWOG—6 
D.A.S.A. Symposium on Small Boy Event 
Programmes 2, 6 & 7 


Introduction 


Through U.S. /U.K. Joint Working Group No.6, we were invited to’ participate 
in a Symposium held at the National Bureau of Standards, Washington, on 13th 
and 14th November, 1962, At this symposium all available data were presented 
on the following experimental programmes of Small Boy:— 


Programme 2 — Measurement of Neutron and Gamma Doses and Dose Rates. 


Programme 6 ~- Electric and Magnetic Field Measurements, Air and Soil 
Conductivity. 


Programme 7 — Electromagnetic Flash Target Response Measurements. 
Items included in these programmes are listed in NWLC/P(62)7. 


The remainder of the 88 Items of the Small Boy programme were excluded 
from this Symposium. The effects of nuclear radiation on electronics had been 
covered in a recent DASA TREE panel meeting. 


A.W.R.E. were invited to describe the results of their electric field and 
air conductivity measurements, and in the course of the symposium the Ministry 
of Aviation representative was asked to describe his magnetic measurements. 
The programme of the Symposium, with subjects of individual contributions, is 
given in the Agenda at Appendix 'A'. 


Nuclear Radiation Data 


A considerable amount of raw data on the time dependence of the neutrons 
and gamma radiation, as measured in a variety of ways, was presented by DOFL, 
NDL, SRDL, EG & G and Northrop—Ventura. Total dose measurements were also 
reported. The overall impression was gained that the data from different 
sources only agreed to within an order of magnitude at this stage, and that 
there’ was yet much work to be done in sorting out the discrepancies, mainly due 
to instrumentation. Nevertheless the data from Small Boy, although not wkolly 
consistent, re,resented a considerable increase in our knowledge. 


Air Conductivity 


As an important part of the attempt to develop a soundly based theoretical 
approach to the origins and propagation of radio-flash, several measurements of 
air and soil conductivity as a function of time were carried out by different 
agencies. These included air measurements by Magnetohydrodynamics Corporation 
under contract to U.S. Air Force Special Weapons Center and by A.W.R.E., and 
soil conductivity measurements by the U.S. Geological Survey. Tho A.W.u.B. 
measurements were of high time resolution and should represent an important 
contribution to basic knowledge. 


Magnetic Field Measurements 


“The principal effort was that by DOFL, who measured the magnetic field by 
integrating the output from small pick-up loops at a number of sites. Despite 
overloading caused by a fairly late change in the nuclear device used for the 
test, their measurements were largely successful, and included for the first 
time measurements 100 ft. below ground. Notes of many of their curves have been 
made. The Ministry of Aviation contribution, which included the measurement of 
the peak field pick-up by search coils inside 8 aluminium containers placed at 
ground level, was associated with this work. 
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It was reported that the large programme of direct measurements of the 
magnetic field by Hughes Aircraft Co. had proved abortive. 


Electric Field Measurements 


The main U.S. effort on electric field measurements was by Boeing Airplane 
Company. The considerable amount of raw data obtained was reported but will 
require a considerable degree of interpretation, in view of the nature of the 
equipment used. The largely successful corresponding measurements by A.W.R.E. 
were also reported, as were several unsuccessful U.S. experiments. 


Effects on Electronic Systems 


One of the more expensive programmes at Small Boy, was an elaborate 
investigation of the currents induced in buried multi-core cable systems. This 
was performed by the Bell Telephone Laboratories,by Sandia Corporation, by Allied 
Research Associates for A.F.S.W.C., and others. Measurements were made at a 
number of places of the wave-form of the induced currents, and peak current 
indicators were widely distributed. The cables laid included a number of both 


bare and insulated radial cables, and both large and small cable loops. The Qe 


aim was to include both basic measurements, and also to give some help in the 
estimation of the hazard to a particular type of American I.C.B.M. underground 
installation, Most of the cables were buried about 3ft. below the surface. 
Although currents up to several thousands of amps. were recorded the currents 
ranging into tens of thousands of amps which had been anticipated were not found. 
To this extent the experiments were somewhat reassuring, but it must be 
remembered that the shot was a small one, and the scaling laws to yields of 
interest in this application are still open to a moderate degree of doubt. It 
seems reasonable to expect that some American agencies will wish for a further 
investigation involving a much higher yield burst. 


Results were also reported of measurements at a second shot — Johnny Boy -. 
at which a cable loop completely encircled ground zero. These latter results 
were limited by instrumental failures, and did no more than indicate that peak 
valves were consistent with those found at Small Boy. 


Reports 


The whole Symposium was recorded, and copies of graphs and illustrations were 
handed in. D.A.S.A. intend to produce a full Symposium record in the next Zow 
weeks and. U.K. have been promised copies of what should be a most valuable document. 
As most of the mass of detail was presented in the form of slides and epidiascope 
projections, note-taking by U.K. participants was extensive but scrappy. 
Briefings are being arranged for U.K, JOWOG-6 members and others interested in 
further details, 


Conclusions 


It is evident that while a surprising number of experiments failed completely, 
& considerable amount of information has been added to our knowledge of radio-— 
flash and its effects. Nevertheless it is equally evident that this information 
hag not yet been fully digested in the U.S., and it appears likely that the Small 
Boy event, while considerably advancing our kmowledge, will have raised as many 
questions as it has answered. 


There is clear evidence that the fields, even from a very nearly perfectly 
symmetrical explosion, vary considerably with azimuth, and that the magnitudes of 
the fields. do not at all decrease monotonically with increasing distance. 
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SECRET Some Observations of Electro Magnetic Flash Damage 
resulting from Nuclear Explosions Report filed: 7 March 1963 


The information presented below has seen acquired incidentally during 
nuclear weapon tests, when instrumentation has beon designed to record other 
effects, and is therefore mainly empirical. Awareness has nevertheless grown that 
electro-magnetic radiation can cause severe damage or operational disruption in 
@11 kinds of electrical systems. 


Electro-magnetic radiation from a weapon encompasses a very broad band of 
radio frequencies and can induce large voltages, and currents in conductors and 
circuits, even when they are remote from the explosion. Complex control circuits 
and communication and power lines represent large antennae in which disturbing 
signals are induced by the radiation and are particularly vulnerable, and damage 
can occur many miles from the explosion. 


The examples quoted here are limited to observations made by the personnel 
of Edgerton, Germeshausen and Grier during test series from 1951 to 1958. The 
charts summarize damage under the categories of 


1) Damage to Signals Systems 

2) Damage to Power Systems 

3) Damage to Systems using Barthing and Screening protection. 
4) Miscellaneous Damage. 


Examination of the data shows that while, in general, damage increases with the 
yield of the device, and air and balloon shots are more damaging than tower or 
underground shots, it is not possible to correlate effects directly with ecithor 
yield, typo of device or height of burst. Moreover, while a typical pattern of 
damage can be observed where extensive cable lines exist, so that probable sites 
of damage can be indicated, the induced voltages nevertheless tend to build up in 
an unpredictable manner, similar to a lightning strike. An example of this is the 
violent explosion at a conduit entrance 13 miles from G.Z. with no recorded 
damage to the intermediate signals system. 


As would be expected, the lighter conductors used in signals systems 
showed more serious damage than power lines, but the effect was transmiticd to 
greater distances by the heavier cables, causing circuit breakers to trip at 
distances of over 30 miles from G.Z. Damago to cquipment at intermediate stations 
could be catastrophic in cither case. 


A point not apparent from the damage summaries should be noted in respect 
of telephone communications. The contractors state that it was found necessary 
to romove the commercial type carbon blocks for voltage surgo protection, since 
these were found in most cases to fuse or weld together, short-circuiting the 
signal. Jumpers were substituted in their place. 


Protection against anticipated effects wes employed only in the case of certain 
equipment, in which cxtensive earthing end screening devices were used, and these 
were to a large oxtent effective. The danger to electronic equipment, however, 
is shown by the random malfunctioning of the counting unit, controlling timing 
of camera shutters. This effect was subsequently repeated by an experimentally 
induced electric field, confirming the cause of failure. It is generally clear 
increased sensitivity of equipment implies increasod vulnerability to electro 
magnetic effects, and that protection of oscilloscopes is necessary to avoid 
oblitoration ("blooming') or distortion of the signal. 


Actual measurement of an induced voltage is shown in only one example, 
- where approximately 3250 volts was recorded by a galvanometer, protected by a 
10,000 volt air gap, inserted in an unconnected 5% miles length (paired) of 
timing signal lines, running from within $ mile of G.Z. 
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Damage to Signals Systems 
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Minutes of a leeting held in Room 208, Horseferry House, 
Dean Ryle Street, S.W.1, at 10.30 a.m. on 20th October, 1964. 


Present Representing 


H.A. Sargeaunt In the Chair Sc. Adv., Home Office. 
J. Brooker Home Office, Comm. Branch 
R.E. Glaysher v 
VN. Norley 
R. Watson 
R. Firth "G" Divn. 
J. Liles SAR, 
F.H. Pavry a 
G.R. Stanbury 
E. Leader-Villiams 
N.F. Law Yarn. *& Von. Branch 
is Gelly ih " " 
G. Potter ® J: " 
WH. Verton Insp.Gen. of C.D. 
C.E.C. Hurst Vinistry of Fublic Buildingg and Voris 
C.¥. Fott C.E.C.B. /H. 
E.J. Whitcher London “lec. 
T. Kilvington 
Kr. K. Ford 
Mr. R.H. Franklin 
Col. T.W. Armour 
Gp.Capt. P.M. Chettle 
Vr, DJ. Garrard 
br. 1.8. Popham ¥.0.D./Ord. 
Mrs. ¥.E. Wilkie Secretary KOA. A.V. 


1. Wr. Sargeaunt introduced the speakers from the iinistry of aviation and 
the Crdnance Board, and scid that the meeting was svecifically concerned with 
the hazard from electromagnetic flash to electrical installations and 
equipments of all kinds. Group Captain Chettle said that it was necessary 
to correlate the damage radius for iM flash with those of the more obvious 
hazards from a nuclear burst, in order to assess ite significance at any civen 
position. A brief summary of the main effects, including nuclear radiation, 
would be presented, proceeding to Hi! flash phenomena. Thence the meeting 
should proceed to its mein purpose, which was to obtain the views of users of 
equipments and installations threatened by this hazard. A knowledge of the 
problems in the communications and power transmission fields was necessary, 
in order that research could be directed to their solution. York in this 
field was co-ordinated by the Nuclear “eapons Lethality Committee. This was 
an inter-departmental committee which was the link between the specialists 
working at A.V.R.E. and those in other Government departments. . The staff of 
D.A.W.D., VMinistry of Aviation, acted as executive to the committee. 


2. Wr. Garrard said that information on Ei‘ flash had lagged behind that 

on other effects since instrumentation at earlier trials was specifically 
aimed at weapon design measurements. uch of the d-ta had been accumulated 
incidentally in making other measurements, and was in consequence less 
complete than was desirable. However, a few trials had been instrumented 
to obtain the required parameters, and a sufficiently consistent reservoir 
of knowledge now existed for the formulation of a theoretical model adequate 
for engineering purposes. 


36 kr. Garrard showed comparative curves for damage radii for the main 
effects, and pointed out that only at low yields (of a few kilotons) did 
the radius for permanent nuclear radiation damage exceed those for blast 
and thermal damage. se then demonstrated the rate of emission, with a 
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time history bevimning at 10 nano-seconds. Actually, 5; of the gamma 
radiation was emitted in the first microsecond, and 20). by the end of one 
second. To this must be added the neutron emission, which reinforced the 
gamma pulse by interection with air and ground elements. 


he Typical curves for the pulse from a megaton and a nominal weapon were 
shown, giving time history at 1 mile and 2,000 ft. renze (from burst) 
respectively. He pointed ot that the ™) flash hazard, deriving from the 
ionising nature of the gamma pulse, was a transient response causing 
misfiring, or loss of refe.ence in memory circuits. Neutrons, on the 

other hand, caused permanent damage, changing the electrical characteristics 
of semi-conductor components. \ normal criterion for damage to transistors 
would be 50, loss in current sain, but sensitivity could be much greater 

if adjustment were critical. Neutron damage was unlikely to be sisnificant 
beyond the range for severe blast damage. 


5. kr. Popham gave a brief account of the mechanis«t: by which the ionised 
sphere, and hence the electromagnetic pulse, is formed. Electrons are A 
stripped from atoms in the vicinity of the burst by the high energy neutrons 
and gamma radiations. The consequent Compton electrons flow outward 
radially, until eventually slowed down and absorbed, and a large sphere of 
ionised matter results. Oscillations of this sphere produce the electric 
field observed at a distance. The size of the sphere only varies slightly 
with weapon yield. bout 4,00C volts/metre is the order of macnitude of 

the electric field expected at ats surface. Time history of the I)’ pulse 
shows a rapid rise time, in 10 seconds, a duration of about 10 to 30 
microseconds, with frequencies about 104 cycles/second. Peak field strength 


increases with yield, scaling as ft 3, Both the electric field and the 
corresponding magnetic field have been determined for ranges outside the - 
ionised sphere but conditions within the sphere are not known with any 
accuracy. Extrapolation from observed values outside is not possible, 

since the highly conductine nature of the sphere distorts all the parameters. 


6. Calculation of the induced currents from the field strength and 
dimensions of the conductor was not difficult. vith a simple probe this 
became the product of field strength and probe length, and diminishes 
directly with distance from burst. Obviously with more complicated 
circuitry, comprisin> loops and sections differently aligned to the field, 
current strength could not be so easily assessed, and the simple calculation 
was not valid if the conductor approached the wave lensth of the pulse. 
However, it was apparent that large local voltages could build up, with 
results depending upon resistance or insulation in the circuit. inergies 
were comparable with thoe of normal radar, at distances of about 1,000 metres 
from the ionised sphere. 


Te lir, Liles asked if the ionised sphere could be regarded as a dipole 
and Ir. Popham agreed th=t this rationalisation was used in calculating 
effects, assuming a vertical axis, which appeared to be justified. In reply 
to Mr. Law, lr. Garrard indicated the variation of field strengths with 
distance as shown by curves for electric and magnetic fields. The relation 


E = 10! (E in volts/metre, R in metres) was true outside the ionised sphere, 
R 
but within it fields tended to be constant as a result of the high conductivity. 


oe Lr. Garrard quoted some results from an actual trial with a low kiloton 
weapon at ground level. Feak currents in long radial wires were about 
3,000 amps at 1,000 ft., and 1,000 amps at 2,000 ft. Some asymmetry 

was demonstrated by currents of 1,000 amps induced in transverse sections 

of loops. These results showed the expected order of magnitude, but that 
prediction at any given site would in this case have rroved unreliable. 
vick-up loops inside screened containers had recordec small currents out 

to 4,000 ft. from ground zero. Core to sheath voltazes of the order of 


200 to 400 volts were observed at half a mile.in insulated multi-core 
cables, compared with a few tens of volts in the case of bare metal 
sheath cables. Sheath to earth polarities reached 4 few kilovolts in 
the case of the insulated cables. Fuller details of these observations 
could be made available. 


9. Nr. Ford said that the G.>.0. must be interested in Lv flash effects 
on their communications equipments, and had in fact instigated an assessment 
of the threat to one installation by A.¥.R.r. at the instance of ¥.0.D. 
Obviously all installations shovld be considered, but he thought that the 
reliability of the data, as evidenced by the shot described by Mr. Gerrard 
did not justify the work required. He thought sone further confirmation 
desirable before undertakinz comprehensive calculations of the threat. 
Mr. Popham said that the main f atures of the electric and magnetic wave forms 
were consistent and not based on one shot only. ir. Garrard said that this 
shot had been specifically instrumented for Hi flash phenomena. It did 
@rMe2nswer some questions but raised others, particularly regarding the technique 
of measurement. Group Captain Chettle said that there was agreement on the 
most important features, i.e. the phenomena outside the ionised sphere and 
the nuclear radiation pulse. Effects on actual equipment must be assessed 
by, or for, the user, since the circuitry exposed was known only to him. 
Mr. Xilvington said he thought that, with a fundamente1 frequency near 10 
cycles per second as quoted, damage to microwave radio relays was more likely 
to occur from induced currents. I'r. Garrard agreed, end said that the 
mixer and aerial connecting cable were likely to be vulnerable. Mr. Popham 
quoted an actual experiment in Australia, in which a microwave radar 
transmitter had been,alicned toward a kiloton range burst while in operation 
at a range of about 10 miles. It had recovered after missing one or two 
pulses. Wr, Franklin asked what hazard was likely with coaxial cables used 
in Transatlantic lines, and Mr. Garrard said that limits could be calculated, 
though differing types of sheathing would introduce variable factors. 


10. Mr. Forley said that Home Office VHF and UHF communications installations 
were hardened to a 5 p.s-i. level in respect of blast, and asked how 
significant the corresponding frequency components of the Lii flash would be 

at such a range. Mr. Carrard said that 5 p.s.i. corresponded roughly with 

10 KV/metre and as even 1 kilovolt/metre appeared to be at about 1( times 

the "C" damage radius there was obviously a hazard. It should be noted that 
the pulse, though generally similar to a lightning flash in effect, could not 
be discounted in the same way as an unlikely continsency. Given a nuclear 
burst, an EM flash was a certain consequence, its results only being uncertain. 
It was faster than a lightning flash, having a steeper rise to peak value 

and this might make certain tynes of protector ineffective. lr. Fopham 

said that 4.W.R.I. had produced an analysis of the spectrum, giving the power 
within frequency bands. ir. Sargeaunt said it was apparent that calculations 
must be done, and suggested that Home Office Communic«tions mizht be the 
subject of a similar investigation by A.W.R.E. to that undertaken for the 
G.P.0O. 


1l. Lx. Whitcher said that power installations were likely to be less sensitive 
than communications. If the EX pulse were regarded as severe lightning with 
100; certainty, then he thought minor damage only need be anticipated. 

Lightning was a hazard with which they had learnt to cope. On the other hand, 
they were very significant users of communications, and they must take very 
serious note of the points made in this field. wr. lott said that there was an 
obvious threat to computerised control systems which were currently being 
developed. Overhead transmission lines might also be at risk, but obviously 
heavy equipment would be less vulnerable than transistorised circuits. He 
proposed to submit figures to the Automatic Control Committee (C.E.G.B.) 

and would consult the :inistry of Aviation on this. ir. Garrard offered 

to co-operate in evaluatinz the systems and equipments in question. 

Mr. Popham said an environmental specification was required, to which 

equipment shovld be designed. 
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12. Mr. Firth asked how vulnerable were crystals, as used in UHF and VHF 
transmission, to this hazard. Mr. Garrard said that nuclear radiation 
represented the threat here and that although the crystals used for carrier 
frequency control single channel voice communications should not be seriously 
affected, as little as one roentgen could do permanent damage to very high 
precision. crystals, e.g. of one in 1010 accuracy. Mr. Franklin said that 
crystals of this order of accuracy were used in the G.°.0., so that some 
consideration of effects on the systems concerned was merited. 


13. Group Captain Chettle said that the pattern of investigation required 
could only be supplied by co-operation between 3 sorts of people: 


1. Theoreticians and field experiments - What the bomb does? 
2. Users - What is the threat? 


3. Designers - Vhat will equipment stand? 


Co-ordination of the work under these headings was obviously necessary 
before calculations could be made. The approach by G.F.0./i7.0.D. to A.W.R.L. 
should be fruitful, but was not necessarily open to 2ll users. A.W.R.E. could 
supply, within limitations of available staff, data on the variations in time 
and space of the important physical parameters after the explosion of a given 
bomb in a given time and place. The operating authority must specify the 
threat. A.W.R.>. would rarely be able to assess the vulnerability of specific 
equipments to the effects they calculated; this should normally be a task for 
the equipment designer. Ministry of Aviation (A.W.D.2 (Effects)) had 
information and experience in this field and would be pleased to give advice 
where possible. The ¥.W.L.C., as the appropriate interdepartmental committee 
were concerned to see that interdepartmental co-operation on this kind of 


investigation was both possible and successful. Ur. Sargeaunt said that the 
meeting had been very illuminating, since the nature of the hazard had been 
imperfectly appreciated. The lines on which work must proceed were indicated, 
and the users must now make an appraisal on installations for which they were 
responsible, to determine where screening or modification: was required. 
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Lffects of Electro-magnetic Pulse from 


2 Nuclear Vieapon on Civil Defence Interests 


The meeting will be held in Room 208, 
Horseferry House, Dean Ryle Street, S.".1. 
at 10.30 aem. on Tuesday, 20th October, 1964. 


AGENDA 


Introduction. lr. Sargeaunt and Gp.Capt. Chettle. 


Effects 


(a) Nuclear Radiation at Early Times vy. DJ. Garrard. 


(bo) (i) Electro-magnetic Pulse 'r. E.D. Dracott. 
(ii) Induced Currents and voltages fr, T.S. Popham. 


ave 


General Discussion. 


Proposed Symposium on Nuclear Weapon Effects, with particular 
reference = the effects of Blectro-magnetio Pulse on Civil 
Defence interests, including Communications and Power 


a 3 (To be sponsored by Ministry of Aviation, and held at the 
Home Office.) 


Estimate of Time 


Introduction 
Mx. Sargeaunt and Group Captain Chettle 


Effects 
(a) Nuclear Radiation } 50 minutes 


(b) (4) E.M. Pulse 
(ii) Induced currents and voltages \ 


General Discussion 4% hours 
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secretary 
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Ordnance Board 


Home Office 
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meeting were accepted without amendment. 


Consideration of these actions was deferred 


1b) and 3(c) on tho Agenda, respectively. 


ibson said that the 
sity, be a 
ad been prepared and 
es 


Committee's 


final publication. 


eing made available to the 


tie 


He 


that the 


tO 


directive had been 
continuing action. Draft minutes of the 

were now under consideration by 
said 
B. C. A. Standardizati 


Group had not yet arisen, ar agreed that it was unlikely that such a requ uest 


could be granted. 


he Actions 16-4 and 16-6 were noted as having been completed. 


be Action 16{5. Mr. Garrard said that the original directive had beer 
complied with, and that a contract had now been made through R.i.E./Teapons 
Dept. with Standard Telecommunication Laboratories, who were now engaged in 
drawing up a programme of work. A meeting with interested parties had bee 
held to sass on information from the recont JOWOG-6 visit to U.S. 


Item 3. Tripartite Technical Co-operation Programme, Sub-Group N. activity 
6, Mr. Gibson said that ‘last Sub-Group meeting in October 1963 had 
already been discussed by th rmittece The next mecting was proposed for 
October 14th-15th, preceded by ; N1 meeting in September, both taking 
place in Canada. Panel N2, most of whose personnel were in Suffield for the 
current trial, planned to ‘ave a meeting there following the 500—ton explosion. 
Panel N3 had held its first meeting in U.S. in April, and deteils of this and 
future mectings would be given by Mr. Drake Seager. It was planned to review 
reports from the Panel Leaders in September, as a preparatory briefing for the 
October mecting, and, among other subjects, the U.K. views on the future use 
of the Suffield site should be defined by this time. 


Itom 3(a). Report from Panel N1 | bd 


Te Col. whitchor referred to the last Panel N1 meeting in October 1963 and 
said that difficulties in implementing actions arose from tho delay in issuing 
minutes, since these were in effect the authority required for any action. In 
this case the U.S. were responsible for the issue of minutes. The Panel noted 
and decided to support the U.K. work on biological effects of nuclear radiation, 
This included neutron effects on large animals, which was procevding, but for 
which firm rosults were awaited before publication, and the offects of low 
gamma dose rates upon rats. Here, using food consumption as indicator of the 
effect, a definite res°onse at 2.7 r./hr had been established, with uncertain 
results as yet at lower dose rates, The current Services trials of the U.K. 
chemical protcctive garment wero noted, and it would be compared with the 
efficacy of the Canadian Nimbus cloth, when the final report on the latter 

was received, The need for radiac instrumentation in tac ficold had been queried 
by the Panel, but the logical step of representing this view at the next 
Quadripartite Standardization Group meeting could not be taken in the absence 
of the minutes, he Quadripartite Group had already fixed the standards for 
water potability so that there was no need for the Panel to consider this 
question further. In conclusion, Col, Whitcher referred to the Sufficld trial 
and said it was hoped that this would »roduce more information on blast 

effects on large animals, 


8. Mr. Gibson said that the T.7.C.P. procedure was for mectings to be held 
in rotation in the three participating countries with the host country 
providing the Secretary. In the case of the Sub-Group meetings, issue of the 
formal minutes is the responsibility of the Executive member. For panel 
meetings it had been proposed that the host comtry should provide the Chairman 
well as tho Secretary, and, if this was agreed, it seemed reasonable that 
host country should also issue the minutes. Col. ‘whitcher agreed with this, 


said that the Panel Ni draft minutes in this case had boen prepared by 
U.K., but left for the U.S. to issue, as this was considered a function of 
permanent administration between meetings. Mr. Gibson said that the 
degree of authority, apart from co-ordination, of tho Sub-Group with reference 
to its Panels was not clear to him. He proposed to follow the procedure 
adopted by other Sub-Groups, of collecting reports from the Panels and drawing 
for the full Sub-Group meeting from their recommendations. 
Col, Whitcher said that 
f Panel Ni was further hampered by the lack of any clear authority to 
ppor work, which by reason of its diversity required the co-operation 
of different establishments, including the M.R.C., Aldermaston and hospitals. 
He did not propose increasing the formal mombership of tho Panel, since 


SECRET 


os 


14,  Mr.Abercrombie gave an account of the Symposium on @.M.P. effects 
at Bodford, Massachusetts, This was held 22nd=26th May, and was therefore 
concurrent with some of the other visits erranged through JOYVOC=6, 
Discussions coverod tho further enalysis of the "Small Boy" rosults, and 
Mr. Abercrombie noted that this had resultdd-in closer agreement between U.S. 
and U.k. on their interpretation. A summary of the U.K, work on the "close=in" 
field was given. The effects of the nuclear radiations, in particuler of the 
secondary gata derived from the neutron pulse, on the form of the electro= 
jttadante ce eds woe epee saate | There was a session on shiolding devices, 

account of simulation work at 4.F.W.L. 
Devices coer i this oes an ol ate tapered structure, 30 fect in width, 
which produces a travelling wave, and a trailer which carrics a Marx generator, 
consisting of 5 units each producing Taeé Ss, which can be used in various 
combinations. The problems of missiles in flight were examined, but U.K. 
members were excluded from discussions of missile systems for reasons of security. 


15, Mr. Aborcrombig also reported on the JOHOG—24, meeting in tho U.K. from 
23rd—25th June, 1964, which also dealt with the E.M.P, ficld, There was an 
exchange of data, and both U.S. and U.K. are preparing sumaaries of te 
information so far established. The interpretation of the "Small Boy" results 

is continuing, but is hampered at 4.7.2.2. by lack of staff. Tho main effort 

is being concentrated on the formulation of a satisfactory lglosori nt theory» 
since phenomena within the ionised sphere are imperfectly understood. Thore are 
AJW.R.3. experiuents at Suffield to record the E.M, offects, at 30 fect above 
and below ground, the fireball expansion and the distortion of the earth's 
fiold, There is current U.S. work on underground shots in Novada, A technique 
for containing the burst had boon satisfactorily developed, but clectro-magnetic 
effects wore distorted by the conditions 


4 


16, The Chairman asked if electro-magnetic e 

hazard under operational conditions, and Mr, Garra 

U.S. opinion, It was apparent that the problem dor 
fe) 


particular equipment and with the U.S. reticence 
information available was incomplete. 


\ 


Ns Ttom 4(b). E.M, Pla: é to Squipmonts 


Gp. Capt. Chottle referred to Action 16-1, requiring the formation of a 
small Sanel to “Gonordinate knowledge of this hazard. He found that, in effec sot, 
this already existed in the B.M. Flash Panel of the Committee, which had itself, 
been unable to proceed to the »roduction of a guide for designers and producers. 
He had found considerable ignorance of the sroblem among usors, who we 
convinced of its jiaportance, Designers had noted the effect, ii belicv 
hazards to bo of gro ter importance. He proposed to arrange discussions between 
those responsible for operational requiremonts in specific ficlds and a small 
toam of exports, effectively the B.M, Flash Panel. He hoped in this way to 
identify sp seivic problems, in each field in which thoy existed. He had already 
started action to bring abuut the first of theso short seminars which, for ~ 
convoniente would bo with M.0O.D, (Air) operational requirements and signals 
staffs. If this was successful the discussions would be repeated with other 
bodies. Mr, Pavry said that he would like to be kept informed so that tho Civil 
Departments could take advantage of these arrangements. 

18, Mr; Thompson said that the Ministry of Defence had recoivod a request 
from Bomber Comiand, to assess tho danger to communications arising from 
E.M. flash. This problem had beon reforred to 4.7.2.B. Mr, Pavry said that 
the G.P.0, wore involved in this, and there wore also Civil Defence and 
telocommunications aspects, He had been informed by on G.P.0, that M,0.D. 
authority was needed for action, It seomed spies this now been obtsined, 
Mr. Abercrombie said induced currents in undergr Ree: land=lines must 
be considered, along with the powsr supply a igiacouin tions involved. 
hore had been a mce eter x at Aldermaston with the Bell Te one Co, to correlate 
ffocts with results frou Small Boy. They would supply an answer related to 
the estimated field strength, Tho Chairman said that he was glad to note that 
wnere was now a specific >roblom on the way to solution. He asked Gp.Capt. Chettlo 


1 


to koep in touch with this work. Mr. Girling said that tho div factors 


SATs 


contributing to this problem showed the difficulty for those concerned 
with weanons systems. Operational requirements could only refer in 
vague terms to the hazard, and Gp. Capt. Peart agreed that this was what 
had happened at the Air Ministry. 


B.M.I. Report of Fuze Dxperiments at DORE. 
19. Gp. Capt. Chettlc said that a meeting chaired by D.S.R.(L) had 
considered this report, and agreod that the results should have a wider 
distribution than that made so far. R.R.E. had agreed to prepare an 
abstract to summarise the knowledge gained at these tosts. Mr. Girling 

said that the establishment of mistriggering and permanent damage levels 
with respect to the reactor pulse did not necessarily establish whore these 
levels cam in a bomb environment, He recognised two sources of error in 
attempting translation of results in terms of a reactor environment to those 
of 2 bomb environment. It would be vossible eithor to proceed beyond the 
limits justified by the data, or by keeping within the established limits, 
to produce an interpretation too vague to be of use. The mistriggering 
mechanism, “ifferent for each fuze, also appeared to differ for the two 
types of environment. He was at present unsure of the valuc of the papor 
that could be extracted from thess results. Mr. Garrard welcomed this 
analysis and agreed to discuss the results further with Mr. Girling. 


Ttom 5. N.A.T.0. Symposium on Effects of Nuclear Weapons on Underground 


Structures 


20, The Chairman said that he must omit this item from the Agenda in viow 
of the time takon over the foregoing discussions, and apologized to those 
interested. 


Item 6, Any other business 


tom 6(a) Paper NWLC/P(64) 4 


21 The Secrotary announced the distribution of Paper NWLC/P( 6),) & to U.S. 

and Canadian recipients of A.W. Plans Note 45, which was the primary reason 

for its production, in response to their request at the lest Sub-Group N 

mecting. It had also boon made available to Committee mombors. Miss Davics 

asked why, if "DISCREST" material had ocon made available to Canada, as in 

this case, some reports in this category had ten omitted. Tho Socrotary 

replied that this had be n agreed betweon the originator and T.I.L., who 

had prepared this bibliography. The Chairman said that it seemed to be a ACTION 
very good piece of work, and asked the Secrotary to express the Committee's Secretary 
appreciation. 


Item 6(b), Reports on "Buffalo" and "Antlor" trials 


226 Mr. Drake Seager said that he would like to have the Committee's 
opinion on the desirability of comploting the publication of the reports 

from these trials. There were about 6 (of 40) outstanding, and these wore 

unlikely to be printed unless tho Committce asked for them, since Technical 

Services at A.W.R.B=. regarded other work as more pressing. The Chairman 

said that ho had »reviously observed with concern thet i.#.R.B. apparently 

face difficulties in »roducing reports in times comparable with other 

Establishments end that delays of some years after the carrying out of the 

rolovant experiments wore not unknown. In the cases mentioned by 

Mr. Drako Seagor, the oxperiments had ben carried out more than six years 
previously. Ho thought it would be most unfortunate if Departments were to be 
deprived of even a pert of tho information derived from these trials, which 

had cost sc much in money and offort to mount, and he said that the 

appropriate’ Division of 4.%.R.E. should be asked to expedite the publication ACTION 
of those missing reports. Mm. 

og 


tom 7. Date of noxt meeting 


This was left open, to be notified at some future time. 
SB CRET 


a8 ) 10/n(s / 


Electromegnetic Effects of Nuclear Explosions 
You sent me a minute on this subject on the 2nd November. 


We head a meeting with Mr. Garrard of DGAW, Ministry of Aviation, 
ahout 9 monthe ago prior to his leaving for the U.S. te participate in the 
"Small Boy" trial in Nevada in the Sumer. Mr. Garrard was in Washington 
again recently to attend a symposium on 13/14th November at which some of 
the results of the trial were discussed, and abrief note of this meeting 
is attached. 


We have now had the opportunity of meeting Mr. Garrard again together 
with representatives of Communications Branch and the GPO and hearing some 
,ecount of this work. While very interesting sciontifically it is obvious 
that at the present time there are so many unexplained anoma ies that it would 
be quite impossible to recommend any particular course of action until we have 
further information. 


A representative of the Bell Telephone Company = one of the major 
contractors in the triel = will be in this country soon and we shall take the 
opportunity of talking to him. In the U.S. a large body of experts hee been 
recruited to try and make some sense of the results, and I doubt very axch 
whether we shall hear anything more before the Summer at the earliest. In 
the meantime Garrard will be working on his own results and will let us have « 
copy of his report as soon as it is ready. 


My genera! feeling is that the normal precautions thet are teken against 
lightning beth in communication circuits and—in_pevertines will be a 
partiel sefeguard for communication circuits and that more thought is 
required as to what should be done for power. 


Chief Scientific Adviser 
4th January, 1963. 


I hope after the "Bell" meeting that ft shall not have to be so 


negative. 


OFFICIAL USE OWLY. 
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Basic-principles I.M.P. protection 


Lightning Protection for all power cables; power supply as much as 
possible by a power station within the hardened facility 


Put wires in boxed, grounded circuits 
Jse ground-sereen over air-conditioning outlets. Ground all ducts 
Ground rebar especially if tack-welded 


Install largest available lightning arresters on power-system 
transformators 


Install spark gaps on telephone lines 

Ground cable outer-shields 

Ensure that signal cable shields are well grounded at point of entry 
. Bury cable as deeply as economically feasible 


Connect the water pipes and other metallic entries into the grounding 
system 


Install lightning arresters on antennas and input leads which cannot 
be directly grounded 


Sducate personnel in protection practices 
Adopt protection procedures to particular areas 


Do not interrupt shielding provided by outer conductor when a lead 
is tied to coazial cable 


Ground all non-essential equipment 


secause natural grounds are often unsatisfactory use massive counter 
poise at each site 


Ensure that entire conduit system is well grounded 

Avoid use nonconducting lubricants when assembling conduit pipes 
Ensure that electrical contact exists between conduit and terminal box 
Install grounding strap from terminal box to door at box 


Specify EM-testing of the completed installation with appropriate 
simulation devices to ensure adequate protection 


Jse ary rather than oilfilled transformators 


Provide surge protection for emergency power equipment 


Use lightning protection on all above ground lines: 


If power equipment supplies several sites, install lower value fuse 


the equipment end 
¢ OA f i 


Use fuses rather than circuit breakers ~— 


Do not use slow-blow or delay fuses 
Wed 
sign fuses within safety margin 


Provide automatic closing doors with recessed fits for shielded rooms 


dehumidified storage for materials to be used in dehumidified areas 


- » ste poor electrical contact points between screened areas by applying 
Voltages across the areas 


32. Put single-phase protection on all three phase equipment 


33. Ensure that the intrasystem wiring conforms to a "tree" or radial wiring 


scheme 


Cypicr vel ty:-Prediey > CLO. (see dat. 65) 


uhWmM 
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M of lay _) 69 16171 


Workshop 
21s t- 30th J 


Mr. S.D. Abercrombie and D E.D. Dracott of A.W.R.E. and 
Mr. D.J. Garrard of Ministry of Aviation were invited by D.A.S.A. 
participate in this project. The idea was to get together those 
directly concerned in the determination o he electromagnetic flash 
Signal from nuclear explosions and in the luation of its interaction 
with systems, with a view to writing a comprehensive document as a 
for future design. It was felt that the present moment was opportune 
because the cessation of atmospheric testing has meant that little more 
information is to be expected in the foreseeable future, and because the 
large theoretical effort which has been put into this study is about to be 
diverted on to other problems. 


oup of about 30 people therefore met at D.A.S.A. invitatior 
Data Centre G.E. Tempo, Santa Barbara, California from t+) 
Ride June, 1965. After a brief introductory talk the pa 
r sections each charged with writing one chapter of th 
These dealt with: 


Basic phenomena. 
—dynamic Clos 1 EM field calculations. 
systems. 


techniques. 


| 


: summary document 
at Appendix B, from which it can be seen that copies are due tc 
hands f ser (in U Ae LU 0 be ) his y Et 33 
: i K this would 
and would 
important 
document to 


future field tr 


1] have to be 


conference Bost have not 
same time as U.S. participant: 


is intended tha echnical papers 
} Lous Labor 2 
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See Garrard's note on classification, He is obviously interested that this has been 
officially down-graded by DASA, This report - "Effects of the Electromagnetic Pulse" - was 
obtained by Mr. Stanbury at the May 1966 meeting of the NATO Scientific Working Party) 

F, H, Pavry 


17th June, 1966 


SECRET 


MINISTRY OF POWER 
Thames House South, Millbank, Lonpon S.W.1 
Telephone: Abbey 7000 / 1 0 o7 


Our reference: 15/ 9/ 01 Pt.2 


22nd July, 1966. 


Your reference: 


Dear Pavry, 


EMP, EFFECTS 


On 15th June you sent us on loan Copy No. 240 of 
a document NATO SECRET SA-6-2-0){ SUS)1 - Seminar on 
The Effects of Nuclear Weapons on Underground Structures - 
to see pages 21-38 which relate to E.M.P. Effects. 


Is there any objection to Messrs. Mott and Whitcher 
of the Electricity Supply Industry having sight of this 
document before we return it to you? Both have been 
brought in on this subject and, as you know, have 
received papers from youe Both have responsibilities 
for defence planning arrangements in their industry and 
are security cleared to see documents up to and including 
SECRET classification. 


Yours sincerely, 


pe ee 


F. H. Pavry, ESqe, 
Scientific Adviser's Branch, 
Home Office, 

Horseferry House, 

Dean Ryle Street, 

S.Wel- 


SECRET 


With Compliments 
of Mr.Gelly 


Warning and Monitoring Branch 
Home Office 


Horseferry House 
Dean Ryle Street 
Ss. W.1 


Tel: VIC 6655 Extn, 680 


sa CONFIDENTIAL 


cpa/59 36/18/2 


Mr. R. H. F. Firth 
Communications Branch 


Electro-Magnetic Pulse 


I am trying to establish the present position on this subject and have 
written to the Chief Scientific Adviser asking him to let me know what 
progress, if any, has been made on the scientific side since he circulated 
his note of 28th January 1966 (ref.SAG/62 10/156/2). 


2. Would you, therefore, be good enough to bring me up to date on the 
position so far as Commnications Branch is concerned and, in particular, 
advise me on the following points:- 


(i) Was Elgood able to raise the question of progress in the 
EMP field with the Chairman of the Electronic Warfare Sub- 
Committee, as indicated in Ford's letter of 6th September 
1965 to Brooker (ref.cOM/64/71/4/1), and if so with what 
result? 


(ii) Has Brooker heard anything further from Ford about the 
latter's letter of 12th May 1966 to Chew of the Ministry 
of Defence (Air)? 


(iii) What has happened to the suggestion first made by Ford in 
his letter of 6th September 1965 to Brooker and later 
repeated to Brooker in his letter dated 22nd March 1966, 
about studying the effects of EMP on the warning and 
monitoring network? 


3. Some three years have passed since Warning and Monitoring first raised 
the problem of EMP; I am sure you will agree that it is time we took stock 
and decided what, if anything, can be done to produce some results. 


(Signed) J. Gelly 


29th September 1966. 


Warning and Monitoring Branch 


CONFIDENTIAL 


Frowt Air Commodore J.H. Greswell, C88, D80,;DF0;} 


HEADQARTERS 
ROYAL OBSERVER CORPS 
Bentley Priory, SvAnmong, Middlesex 
Telephone: Bushey Heath 4000, ext. 206 


Please address any reply to 
THE COMMANDANT 


and quote: ROC/JHG 20th December 1966 
Your reference: 


Refers to EMP Working Group's report, 


Mr. JP. Gelly "Electrom [ 
Bs Pe econ agnetic Pulse Phenomenology 


ana Gbhine and Effects (U)"; DASIAC Special Report 
Saag aed 41 (DASA 1731), April 1966, classified: 
London S.W.l "Secret Restricted Data”. 


| (DASA 1731 = AD372860L.) 
bey GR 


+ 1 recently attended a talk by Mr. Abercrombie of A.W.R.E. on the effects of 
E.MePe etc generated by a nuclear explosion, on communications and on electrical 
and electronic equipment and cables. He said that much research on this had been 
done by the Americans and that the basic teohnical data is contained in an unclassified 
report issued by them reference DASA 731 entitled "El ectro-Magnetic Pulse Phenomenology" 


I understood that this report contains a very great deal of technical information, 
graphs, tables etc, from which it it possible for users to interpret the possible 
effects of E.M.P. on their equipment and communications. 


Mr. Abercrombies lecture dealt only with the principles of the E.M.P. phenomena 
as contained in the American reports and he emphasised that, because the physical 
layout and conditions of the communications and equipment of each user varied so 
widely, it would be inappropriate for him ow A.W.R.R. to utlertake studies of effects 
on behalf of users. He quoted the case of a RAF Command to whom he had given his 
lecture, later sending hima long list of questions, all of which could have been - 
answered by the Command's technical staff by reference to the data contained in the 
American report. I gather that thie apparant lack of co-operapgion has led to certain 
i411 feeling and has wrongly been interpreted that only scant information exists about 
E-MeP. The fact is that only limited work has been done on applying the known data 
to communications networks. In my opinion this work is not properly the task of A.W.R.B. 
but should be undertaken by local technical staffs, based upon data provided by 
organisations such as A.W.R.Ee ; 


I «mow you are concerned about the effects of B.M.P. on our communications, and 
I thought the above might be helpful. It seems to me that, if S.A-B. could get hold 
of a copy of DASA 731, much work could be done in this respect. I am told that only 
a few copies of the report exist in this country but no doubt Home Office could get 
mo. from Americae I have tracked down one copy with AWD2 in the Ministry of Aviation. 
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HOME OFFICE 
SCIENTIFIC ADVISER’S BRANCH 


Notes of a meeting held on 10th Janua 1967, in 


room 542, Horseferry House to discuss:- 


Electro-magnetic Pulse 
ed 


Present:= Mr, Stanbury Scientific Adviser's Branch, H.O. (Chairman) 
Col, Barnes Cabinet Office 
Mr, Garrard A.W.D.2,, Ministry of Aviation 
Mr, Wright ) G.P.0, 


Mr, Warning and Monitoring Organisation, H.O. 


Brooker) Communications Branch, H.O. 


Mr, Pavry Scientific Adviser's Branch, H.O. 


fae Mr, Stanbury said he had called the meeting to bring all concerned up~to- 
date on E.M.P. He had been prompted to do this because of two communications 
from Mr, Gelly:- 


(1) a minute dated 29th September 1966, in which he said he was trying 
to establish the present position, following a minute from the 
Chief Scientific Adviser in January 1966. (In that minute C.S.A. 
had reported the conclusion of the Nuclear Weapons Lethality 
Committee that the research effort on E.M.P. was inadequate, ) 


a letter dated 26th December 1966 from the Commandant of the R.0.C. 
to Mr, Gelly, about a lecture given by Mr. Abercrombie at Fighter 
Command, The Commandant reported that Mr. Abercrombie had said 
that basic technical data were freely available in an unclassified 
American report, and that local technical staZfs could, with the 
help of that report, solve their problems. 


Mr, Stanbury dealt with this second item first, saying that there had, 
it seemed, been a misunderstanding at Mr, Abercrombie's lecture, The Scientific 
Adviser's Branch had been aware of the report in question for some time, 
since Mr, Garrard had kept them informed of his efforts to produce an edited 
version of low classification: but the report itself has all along been 
extremely highly classified. Mr. Abercrombie had been asked about his lecture, 
and denied that he had said the report was unclassified, 


As regards a lowly-classified version of the American report, Mr. Garrard 
said he had completed his draft, and it is now with the American authorities, 
whose approval is necessary before it can be made available, He hoped that 
approval would be forthcoming, and that it might be possible to issue the 
report within a few months, but it depended on how quickly the U.S. authorities 
acted, 


With regard to Mr. Gelly's first point, Mr, Garrard said that (following 
the comments of the N.W.L. Committee on the lack of adequate research) the 
Ministry of Defence.Weapons Defence Committee had set up a Working Party to 
advise on how to solve the problem. 


Col, Barnes said he was associated with a separate study of E.M.P. by 
the Ministry of Defence. A report was soon to be made available through the 
Cabinet Communications Electronics Space Committee, and Col, Barnes said he 
would try to make copies available the Home Office. 
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4 Conclusion 


In the two years since we first started work we have begun to understand 
some of the problems caused by EMP. A degree of confidence has been gained from 
this experience, but it is recognised that the greater part of the task lies 
in the future and there is still much work to be done. 


= — ° ; \ , : P — ¢¢ 


fiir 


Ti 


Figure 1 


SECRET 


UNCLASSIFIED 


—_—-——".AWE: SDTN No 3/94 
= OT ‘ rs £9 


& AE > " 
‘ i i 7 me’ 
Qu » * 


HERMAS | Uk. 
2 a tk ee Oe 
Be ba AE Be ue & 


dest 
ATOMIC WEAPONS ESTABLISHMENT ~ 


ES2\/ 12. 


SAFETY DIVISION TECHNICAL NOTE 3/94 


DIRECTOR SAFETY AWE 


A C WOODVILLE 


60:3! 
——— 


Tat Boo ) 


924638 
June 1994 


34220001 ) 44 


~~ 


UNCLASSIFIED 


AWE: SDTN No. 3/94 


ATOMIC WEAPONS ESTABLISHMENT 


DIRECTOR SAFETY AWE 


SAFETY DIVISION TECHNICAL NOTE 3/94 


A_ SUMMARY OF THE EFFECTS 


OF NUCLEAR WEAPONS 


WITH REFERENCE TO THE UK ATMOSPHERIC 
NUCLEAR WEAPONS TEST PROGRAMMES 


L952 = 1958 


A C WOODVILLE 


Section Leader 


Issue Authorised 


Approved 


D Safety: Dr G Ballard 


Director Safety AWE 

Aldermaston 

Reading 

Berkshire RG7 4PR June 1994 


$§4220004 


54220039 


eudtw 725 9S 90 6I 
‘OTTedqd ejuOoW 
ZOSEO 
STTtnouwrayt [dD 9S SO 9T OIVSON 


€S OT 92 
WS ‘pleta nug 
ZOETS 
Th €S OT PT WaLOL 


(deep wzt) ZO0000 WM ‘OTTeq ejQUOW 
SZ €- wATd SWH paeoqy uocobetyT cS OT £0 ANVOLYNNH 


(24) PTeTA Fo (ut) (IND) out, uUoT}eD0T 
ezZeUTASA Asoeg SePNaATI.CIw quewseceTduyg e4Tts pue 93eq pue 


uotjzezsedo 


—_—eeeeeeeeeeeee——————— eee eee — 


VITWULSOVY NI SLSHL SNOdVWEM UV IONN OLYRHASOWLW WA 


T ATaVL 


pepuedsns uocoTtTegd TYCURARL LS OT 60 


ZOC00 
TEMOI, 4eTa LS 60 SZ vs ‘ebutTTerey 


ZSOSO 
LS 60 7T UaATINV 


Aemeyeoirg 9S°.0T TC 


ZLSSO 
ASANnqiaTtyW eqTy 9S OL Tt 


ZOOLO 
eoRejans punoiry ooorateW 9S OT 70 vs ‘eHuTt Terew 


ZOELO 
ST te A9MOL eel 2UO 9S 60 LZ OITWAAING 


(34) PTeTA Jo (wt) (IND) ouTL uot zeEd.0T 
ezeUTISY 4soeg epnztitIw qQuowseceTdug pue 373eq pure 
uotjzezedo 


ponutjuoD Tt aTauL 


PTSTA FO 


a}eUTIST seg 


popuedsns uocoTte” 


qsanqaty 


ysanqaty 


pepuedsns uocotT Teg 


qsanqaty 


epnztiIV 


4ASANGATY 


ysanqaty 


ysangqaty 


qysanqaty 


qZUoUSoRe Tduyg 


PUueTSI seUqsTazyoO 
JO jUuTOd qs 2eA0 


PURTST Seuygsrtayo 
Jo jutod Fs J50 


pueTSI seuwyAsTtayo 
JO jZutod gas J5o 


pueTSI seuqstayo 


jo jutod qs 2eAO 


pueTs~I sewqystayo 
jo juTod qs JFO 


PUuRTSI SeuWASTAYO 
Jo jutod qs sso 


pueTsI UsepTeW FFO 


PpueTST UspTeW FIFO 


pueTsSI UspTeW FFO 


8S 60 €2 


Z8VLT 
8S 60 TT 


ZVCLT 
8S 60 ZO 


ZOO8T 
SS 80 <¢c 


8S vO 82 


ZLVLT 
ZS tT. 0 


LS 90 6T 


ZUV6tT 
LS SO Lf 


ZLE6T 
LS SO ST 


(LND) owt, 


pue 03eq 


OIdIOVd HLNOS AHL NI SLSGL NOdWEM UVAIONN OIYAHASOWLW WN 


¢ ATA 


pueTSTI sewyzstazyo 


Z a Tddwad 


pueTS]I seujstazyo 
A a ITddvuo 


pueTST seuqystayo 
X dIddvWuo 


pueTSI sewqstayo 


a TddWad 


uoTzeD07T 
pue 
uotjzeredo 


CO ee eee ee —————— eee 


34220041 


GILES MABEL CREEK 130 MILES 


360 MILES. 
SS 
Emu - [30 MILES FROM ROADSIDE 
~ 


£ 3YNSI4 


GNVISI SVWLISINHD 


= | WaMOL 
ANVYGVND 183M 


139UV1L* yoivoIoNt 


INSWNYLSNI 


d ANIOog 
“t 


@ 3NV1 LNASNNYISNI 


MELEE: TD 


J@UUOSJaq pa}dej}oidup uo 
suodea( JeajONN Jo s}9e3 


SPO0ZHE 


dINNVO NIV 


$1044435 31LVYS0GON 


$194443 3YSASS 


SONVY IWHL3T 


@S0-) UONeIp' 


suing eeJ6ep jsul4 


QTalsulV 


SSlJBWOHy 


suing eeifep pucses 


syelgo BuiAy wo 
seuntul ejqissog 


dWVO NIVW 


suing eeiBep py) 


einydni 

wp JeQ 
I 
[eae] 
uoneipes 


e\qejejeq 
sjoeye we} 


sjoeye wie 
Buoj on Mid amen 


Guo} ejqissog 


W | G13IA 40 NOdV3M V HOS 
$1903443 40 SSADNVY 


SOJWOIy 


8S0qg uoleIpey o18z 


asog ast} > 
SYSAYSSEO 


SISILNAIOS 
AWOS 


‘TANNOSY3d TIWILNASSA 


10 GTSIA 4O NOdVSM V HOS 
$103443 JO SSDNVY 


uoneipey 
yewueuy 


SJNSSOld 
iseig 


voneipey 
Bulsiuo} 


uoneipey 
jeuueuy 


einssalg 
yseig 


uoneIpey 
Buisiuoy 


vy 3YNSI4 


Spuodes Swe] 


Ol 2-9 c Ol y Ol g-Ol g-Ol 9 


play Luz0913 


[PIL IUaA 04 
a 
a 2 
° et 
* 
a oe 
(Ol 33 
yt 


(Spjalj SAWISOd = Sdul] POUSDDp ‘spjaly SAlOHau 
= SOUI| PI]OS) sjsiNq 9DDyNSs Wold sHud! Ud] OL 


"pB6L ‘Z ANE SpuelAuey Sauow1zteq Suntsodwks WIN uyuno4 
ay} 2e UolLZeQUaSSaud |. SdWz JO SoLSAUg pue A4oISiy,, Sautwbuo7 "7 °9 


“Oot 


“OT 


(SQNODASOUDIW) IWIL 


paisa3eog pur 33013q 


SUOLINON ple pare3zeo9g *QoOaI1G 


WA @L = GONVY dNNOYS 


WA OZ = 


SCA Lv 


O°T TO 


PT9FA A LTERPCU “HE BANdTY 


Ajuo weag 3a014q 


(49j}aW/SITOA) TyIavUa 


(SGNODASOYDIR) SWLL 


“OOT “OT o"1 T’O 


udIIND [eepey “TE asanszy 


paiaaqyeos pur 42e13q A[uQ weag 3911g 


SUOAINON pul parzaaqeog ‘Qo0I11q 


I] @WALOA 


saianis 
LNIWNOWIAN 3S1Nd DILINDVWOULIITI 


WH @T = JONVY ANNOYS 
WA OZ = SGNLILIV 


90128 WN ‘enbsenbaqiy 80128 WN ‘enbienbagiy 
uolpsodio) poomexig ‘oul ‘suoNDrayddy e2u9a19¢ 


10°0 
Pm 
cot 
BE: 
2-01 ¢ 
g 
J 
q-01 
oot 


I 19A ‘98T-EL- UL" TMA 


3.53Mt, 15% fission bee | 


Redwing-Zuni an (zont) 
surface burst, 1956 = 


at Project 6.5 - Analysis of Electromagnetic Pulse Produced by a Nuclear 


Bikini Atoll 


OBJECTIVE 


Explosion - Charles J. Ong 


The objective of Project 6.5 is to obtain weveforms of the electro- 
magnetic radiation for ell the detonetions during Operetion REDWING. 
This data is to be used in connection with a continuing study relating 
the wave form parameters to the height and yield of the detonation. 
INSTRUMENTATICN 

Two identical stations are used to record data, one at Eniwetok 
and one et Kwajalein. 

The instrumentation consists of a wide-band receiver with separate 
outputs connected to each of the three oscilloscopes. Mounted on each 
oscilloscope is a Polariod Land Camera for recording the transient 
display. 

RESULTS 


Station A: Eniwetok 


The predicted field strength ee. :: 16.0 volts per 
; ey : 
meter. The measured field ctrencth a <2: 14.4 volts per 


meter. ‘The general waveform for the 1.0 ~ sec/em sweep was poor but the 


waveforms recorded for the other two scopes were good. 
Station B: Kwajalein 
No record date due to the loss of timing with WWVH. 
CONCLUSICNS 
All date hes been forwarded to Evans Signal Laboratory for final 


analysis. 


ae 


Chapter 10 
TEST of SERVICE EQUIPMENT and MATERIALS 


10.3 WAVE FORM OF ELECTROMAGNETIC PULSE FROM 
NUCLEAR DETONATIONS 


The objective was to obtain and analyze the wave form of the electromagnetic (EM) pulse re- 
sulting from nuclear detonations. In particular, broad-band measurements were made from 0 
to 10 Mc at ranges up to 460 miles. 

Previous measurements of the EM pulse were made during Operations Crossroads, Sandstone, 
Greenhouse, Buster-Jangle, Tumbler-Snapper, Ivy, Upshot-Knothole, Castle, Teapot, and Red- 
wing. The equipment used for these measurements ranged from narrow-band tuned receivers to 
broad-band untuned receivers. The antennas used with these receivers varied from simple 
probes to specially designed discones. Equipment similar to that used by Operation Hardtack 
Project 6.4 had been used during Operation Castle. In general, the EM-pulse energy was found 
to be predominantly in the low frequencies (approximately 10 to 20 kc), with measurable compo- 
nents at frequencies as high as 300 Mc. The duration of the EM pulse was found to be approxi- 
mately 50 psec, with an initial rise time as shortas10 usec... © 


ee 


Two stations were used: Kusaie, 460 miles from Bikini and 420 miles from Eniwetok; and 
Wotho, 100 miles from Bikini and 240 miles from Eniwetok. ... 


Shut Yucca (see Figures 10.1 and 10.2). No data was recorded at Wotho for this shot be- 
cause of technical photographic problems. Several camera shutters did not open. Trace in- 
tensity was, in general, too low for proper recording. Also, field strength at Kusaie indicated 
that deflection at Wotho would have been some five times the scope limits. 

All scopes at Kusaie triggered, and the signal was recorded. The wave form was radically 
different from that expected. The initial pulse was positive, instead of the usual negative. The 
signal consisted mostly of high frequencies of the order of 4 Mc, instead of the primary lower- 
frequency component normally received (Figures 10.1 and 10.2). The fact that Shot Yucca was 
a very-high-altitude shot may have provided a more favorable propagation path for the higher 
frequencies that were recorded. 


_ Shot Cactus (see Figures 10.3, 10.4 and 10.5). The signal from this shot was received 
and recorded at Wotho. A secondary positive spike appeared in the signal, even though a Single- 


stage nuclear device was used (Figure 10.4). 


347 
TABLE 10.1 WAVE FORM AND SHOT PARAMETERS 
ma Number Peak Negative Plateau Negative 
ahet tees of Stages ange Ficld Strength Ficld Strength 
kt miles v/m v/m 


WOTHO DATA: 


Cactus 17 Single 240 1.7 0.92 
Fir 1,360 Two 100 6.4 2.6 
Butternut 82 Two 240 2.8 1.3 
oo Koa 1,370 Two 240 1.2 _ 
= Holly 5.75 Single 240 1.2 0.82 
Nutmeg 22.5 Two 100 8.0 2.9 


KUSAIE DATA: 


Yucca 2.0 Single 440 0.45 
Butternut 82 Two 460 0.33 
Koa 1,370 Two 460 0.28 
Holly 5.75 Single 460 0.18 
Nutmeg 22.5 Two 440 0.54 


Hardtack ITR 1660. 


summary extracts AD369152 


Project 6.5 = Analysis of Electromagnetic Pulse Produced by Nuclear 
Explosion = C. Je Ong 
Ob jective 

The objective of Protect 6.5 is to obtain waveforms of the electro= 
magnetic radiation for all the detonations during Operation REDWING. 
This data is to be used in connection with a continuing study relating 
the waveform parameters to the height and yield of the detonation. 
Instrumentation 

Two identical stations are used to record data, one at Eniwetok 
and one at Kwajalein, 

The instrumentation consists of a wide-band receiver with separate 
outputs connected to each of the three oscilloscopes, Mounted on each 
oscilloscope is a Polaroid Land Camera for recording the transient dis= 
play. 

The wide~band receiver consists of one primary and four secondary 
cathode follower amplifiers, An antenna, frequency insensitive in the 
range of interest is fed directly into the primary cathode follower, 

The primary cathode follower is then connected to four individual cathode 
followers by a 50-ohm coaxial cable. Only three secondary cathode foll- 
owers are utilized, the fourth serving as a spare. 

The number one and two cathode followers feed oscilloscopes with 
sweep speeds of approximately 30 microseconds per centimeter and 10 
microseconds/centimeter respectively, The number three cathode follower 
is connected to the third oscilloscope through a 2 micro-second delay 
line. The third oscilloscope has a sweep speed of 1.0 micro-seconds/cen= 


timeter, All oscilloscopes were triggered simultaneously by the DC 
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trigger device located in the primary cathode follower and connected 
directly to the receiving antenna, The 2 micro-second delay line was 
added to permit the leading edge of the waveform to be recorded, 

In order to establish a definite time relationship between the re- 
ception of the signal and the triggering of a given device such sae 
counter or transmitter, a time marker pip, generated by the delay trigg- 
er from one of the oscilloscopes, is fed through the 2 micro-second delay 
line and superimposed on the initial portion of the received waveform, 
Procedure 

All oscilloscopes are calibrated against a known frequency standard 
for sweep linearity. 

The cathode follower triggering system is set to trigger approxin= 
ately 6 db. above the noise level. The vertices deflector of the oscill- 
oscopes are set to receive the predicted field strength. 

Results 
Station A - Parry Island 
Waveform traces were obtained on two oscilloscope photos and 
the third oscilloscope failed to function properly. The predicted field 
strength was 43.0 volts per meter and the measured field strength was 17.0 
volts per meter, The waveform traces are of good quality. 
Station B - Kwajalein 
waveform traces were obtained on two oscilloscope photos and 
the third failed to trigger. The predicted field strength was 25,0 volts 
per meter and the measured field strength was 6,8 volts per meter. 
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For a nuclear weapon, the radius of the ionized region,a, produc- M. H. OLESON, "OPERATION IVY, PROJECT 7.1, REPORT TO THE 
ing the electromagnetic pulse was estimated from the relation SCIENTIFIC DIRECTOR, ELECTROMAGNETIC EFFECTS FROM NUCLEAR 
EXPLOSIONS,” nuclear weapons test report WT-644, AD-A995 500: 


4.55 x 1079 a exp {25 (1-exp (-0,1254a]}} (1.2) 


FIGURE 15: EMP 500 kt IVY-KING 
WAVEFORM FROM 
cami 500 KILOTON KING \ ——_— 
ENIWETOK TEST IN 
effective radius, kilometers. 1952, RECORDED AT aa earch Mas 
MAUI. OF STANDARDS, MAUI 
)@ va (a) 0 0.10.20.30.40.50.6 0.7 ms 


3000_a = ke 


peak electric field, volts/meter 


Page 9: "During Ranger (Nevada, January-February, 1951) large 
excursions were noted on a Brush recorder attached to a long wire and 
crystal diode. Hastily-planned measurements, using oscilloscopes, 
during Greenhouse (Eniwetok, early Summer, 1951) demonstrated pulses 


effective radius, feet with sharp rise times coincident with the detonation of the nuclear 
devices. In the Fall of 1951 (Nevada,Buster-Jangle) electromagnetic 
R = distance, feet effects which could be fairly well correlated with the atomic explosions 


were reported by stations at varying distances from the detonation 


ra 
:aoe 
Hi 
ANNA a 
i 


be predicted reliably. re ref 
cee : zontal component points. im 


frequency magnetic fields coul 
the ht vali for the high-frequency hori 


was estimated from the equation: 


1 ww pee (1.4) 
; e 60 


horizontal component, oersteds 


= distance, kilometers 


= yield, Mt 


ABOVE: surface burst EMP data from pages 16-17 of POR-2239 / weapon test report WT-2239, by 
P. J. Sykes, Jr., "Operation Sunbeam, Project Small Boy, Project Officers Report - Project 7.1.4, 
Transient Radiation Effects Measurements on Guidance Systems Circuits", DTIC AD-A995 378. 
3.2.1 Shot Tewa, During Shot Tewa, the sixteenth of the seventeen Redwing test shots, 

oe the aircraft was 08 naut mi (178 km) south of the detonation, at the 18,000-foot altitude which 
was usual for the flights. The signals received on the two fiducial antennas were both shown in 
the dual-beam oscilloscope, Type 333. The amplified signal from the smaller fiducial antenna, 
mounted inside the aircraft on the window rack, was displayed on Channel A, while Channel B 
displayed the signal from the larger antenna, mounted outside the aircraft akin. 100 

Operation Redwing, Nuclear Weapon test report WT-1352 


AJ. Waters, OPERATION REDWING-PROJECT 6.4 AIRBORNE ANTENNAS 


“v/™ (nes) 


MICROSECONDS 


Figure 17 Shot King = National Bureau of Standards broad 
band wave form recorded at Stanford University. Dotted 
sections show probable shape. 


= A. Glenn Jean, “National Bureau of Standards, 
rr? . Preliminary Report on Castle, Project No. A/419/NBS", 
= * H DTIC report AD0338553 (partially declassified in 2013): 
~ 1 | oe 
“0 | ”" 
| ss | ane 11 megatons 
os eo 1x0 200 ” * veite eter “ tooum mt as bd eistea ta aa a we 7 Rosco 
5.01 Mt, 87% Microseconds Sissel cade aap AA ete id daa wut, zoimpcn Castle-Romeo 
(We electromagnetic pulse, referred to a range of 100 ka (H4 raut mi). the electromagnetic puis, Sweep rate 68 useo/om 


fission, 178 km Figure 3.2 Shot Tewa 


Senaitivity 0,98 y/n/om 
EMP measured from the 5.01 megaton, 87% fission Redwing-Tewa surface burst, Bikini Atoll, 1956 (source: ADA995297) su rface bu rst 


Figure 3.37 Experimental signal, tape, Shot Bighorn ure tens igure 3.32 Experimental signal, tape, Shot Harlem. A. P. BRIDGES, ET AL., 
“OPERATION DOMINIC AND FISH 
BOWL SERIES, PROJECT OFFICERS 
REPORT - PROJECT 7.1, 
UNDERWATER EMP", 
POR-2033, weapon test report 
WT-2033, AD-A995 288, page 9: 


“The electromagnetic (EM) signal 
from a nuclear detonation has a 
waveform that has definite 
characteristics and is repeatable. It 
has been proposed to use this 
phenomena as the basis of a 
BIGHORN USS LOYALTY RINCONADA USS LOYALTY HARLEM USS LOYALTY terminal surveillance system 


Upper-loop, lower-whip Upper-loop, lower-whip Upper-loop, lower-whip aiden 
Sweep speed, 0.1 msec/cm Sines andea, 0:1! mene Sweep speed, 0.1 msec/cm for use aboard the Polaris. 
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NET VERTICAL ELECTRON 
CURRENT QUE TO AIR 
GRADIENT CAUSES WEAK 

RADIATEC FIELDS 


GAMMA ENERGY INTERACTS 
. WITH AIR AND FORMS 
RADIAL ELECTRIC FIELD 


——Be MAX EM RADIATION INTENSITY. 


RADIATION REGION 


| | | | ELECTROMAGNETIC 


| 


PEPOSITIEN 37> 
REGION = 
BOUNDARY 


CURRENT 


FE FIELD 


TIME (ws) 
10 


Comparison of General Waveforms for the Dipole Moment, the Current, and the E-Field 
for and Air Burst 
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WT-930 (EX) 
EXTRACTED VERSION 


OPERATION CASTLE 

PROJECT 7.1 

ELECTROMAGNETIC RADIATION CALIBRATION 
PACIFIC PROVING GROUNDS 

March - May 1954 


M. H. Olseon 


Headquarters Field Command 
Armed Forces Special Weapons Project 
Sandia Base, Albuquerque, New Mexico 


June 13, 1958 


NOTICE 
This is an extract of WT-930, which 


remains classified SECRET/RESTRICTED 
DATA as of this date. 


Extract version prepared for: 
Director Approved for public release; 
distribution unlimited. 
Defense Nuclear Agency 
Washington, D. C. 20305 


31 August 1984 


OBJECTIVES 


In order to gain maxinmum information on nuclear detonaticns as 
determiried from the electromagnetic pulse received at distances, there 
are two fundamental problems; first, the discrimination of nuclear- 
weapon pulses from natural atmospherics and second, the determination 
of the maximum information on the source itself and external conditions 
at detonation time, from the characteristics of the selected pulse. 

The 7.1 Castle project offered an opportunity to monitor detonations of 
nuclear devices of known composition and characteristics. 


BACKGROUND 


AFOAT-1 has supported experizental measurements of the pulse emit- 
ted at the time of a nuclear detonation during each series of atonic 
tests beginning with Buster-Jangle (Autumn, 1951). As a result of these 
experiments (References 1,2,3), the following can be stated with some 
assurance! 

l. There is an electromagnetic pulse less than 100 psec long 
emitted at the time of a nuclear detonation. 

2. At a distance of 20 km from the generating source, the field 
strength may be a few hundred volts per meter. 

3. There is a general relationship between kiloton yield and the 
vertical component of the electromagnetic field. 

fe The emitted frequency spectrum extends from about 2 ke or 
below up to a few megacycles, but the main components are in the region 
of about 6 to 50 ke. 

5. There is an approximate inverse relationship between yield and 
predominant frequency. 

6, Pulses received close-in (i.e. approximately 20 ka) exhibit 
very short rise times (less than a microsecond) in a negative direction 
(4.0. the electric field vector is downward). 

7. The pulse is predominantly vertically polarised. 

8. Close-in reception indicates that certain nuclear-weapon char- 
acteristics can be determined from pulse fine structure. 

9. Even low-yield nuclear detonations can produce a pulse receiv- 
able at distances in excess of 1,000 kn. 

10. The ground wave is generally not detectable beyond about 1,500 
km from the source because the ionospheric sky wave reflections predon- 
inate. 

ll. A fix of the source of the pulse can be obtained with direc- 
tion-finding equipment; obeerved azimuthal errors to date using equip- 
ment tuned to 10 ke have been between O and 9 degrees; most errors have 
been less than 3 degrees. 

12. At distances, the pulse is extended to approximately ten times 
its close-in length. This is the result of multiple arrivals by vari- 
ous paths, each characterized by one or more ionospheric reflection, 

13. Close-in fine structure disappears during sky wave propagation 
to distances. 


TABLE 1 SUMMARY OF CASTLE RESULTS 


Time as received at the station (Z), corrected for suclear detonation pulse and Ww 


Station/Agency 
transmission times; Remarks; Recorded azimuths to detonation points; Field ec ag 


Distance (ia) 


and calculated data (v/m); a. Broad-band, center-to-peak (W whip, L loop); b. Narrowband 
azimuths to 

Bikini (B) and Shot 1 - 28 February 1954 - 1845:00.0112 Shot 2 - 26 March 1954 ~ 1830:00.378Z 
Eniwetok (E) Detonated at Bikini Detonated at Bikint 


Radioactive debris fogged waveform equip- 1830:00.378 Waveform equipment 
ment on Enyu Island, Bikini Atoll (20 im was moved to Runit Island, Eniwetok for 
from detonation point), the balance of the series. 


1845 100.911 Be 0. 


No time record. a. 


1830100.3 
210° $8 


1830 100 


Stanford Oniv/NBS 
B 7,740 
E 8,000 


Larson AFB/AF Off scale. 
B 8,030; 267° 20 33° zi? 46 
E 8,200; 269% 


0.016 (12.5 ke) 
Gs 16 12.5 ke) 0.0015 (20 ke) 
O 20 ke 


Thule/DRL Alert aptitivetion at received in time. ee ale a. ~ 0,02 tH 
B9 04 307 oy 310° 23° 0,025 (L 
E 9,700 ype? = 
Duluth Not in operation. Not in operation. 
B 10 “O05 2870 
E 10 280; ee 

& 


Austin/DF 2390. 1830:00,378 @e Pp ie 


1830 300.378 a. 0,080 


be 0.0054 (8 ke) 
0.0052 (12.5 ka) 

Andrews/AwS Not in operation. 300° 258 
B 11,550; 296° 300° 
Ell a 

wv Equipment trouble. 1g 

11,750; "301° 
Besch/ A; S 45200. 00 Pte 
3 291° 2° $30 294° =3° 

Alert notification not received in time. Poor time correlation. 

“19° £30 a. 0.049 = (W) 

dley 139.58 Not in operation. 
rae se! 


“Within limit of resolution. 
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T » Annex A of Reference 3 has a detailed account of 
the National Bureau of Standards (NBS) local timing unit. A typical 
time record from a close-in station is shown in Figure 1 and one from a 
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TABLE 1 SUMMARY OF CASTLE RESULTS (Cont) 


Station/Agency Time as received at the station (Z), corrected for muclear detonation pulse and WwV 
Distance (ka) transmission times; Remarks; Recorded asimuths to detonation points; Field Strength 
oo data (v/m); a. Broad-band, center-to-peak (W vhip, L loop); b. Marrow-bend. 
asimiths to 


Bikind (B) and Shot 3 = 6 April 1954 = 18201:00.4112 Shot 4 = 25 April 1954 = 1810:00.6912 
Eniwetok (E) Detonated at Bikini Detonated at Bikini 


1820300.422 a. ~ 15,9 (WwW) 1810:00.691 a. ~40.0 (w) 
1810:00,692 


W 
0.0034 (8 ke) 
0.0065 (12.5 ke) 


No time reoord. a. 
0.010 (8 ke) 
0.013 (12.5 ke) 


1810:00,689 a. 0.939 
214° 23° 0.33 8 8=(L) 


b. 


Larson AFB/AF Record not available. : Doubtful record. 
B 8,030; 267° 
E 8,200; 269 


1820:00.412 a. 0 1810:00.690 0.33 W 

b. O 
0 
(e) 


Thule/DRL % 1820:00.411 ae 0.0035 (W 
B 9,630; 307° =1° | 314° 23° 0.0012 {(L 
E 9,700; 310° 2° 
: Not in operation. 
; ; 2a facceemce ean 
820:00. Be 0.02 A 
(L) 


3, 


Ue s 5 

0.00075 (8 ke) 0.0021 (8 ke) 
0.001 (12.5 ke) 0.0055 (12.5 ke) 
0,00022 (20 ke 20 ke 


ews /AWS Results negative. 1810:00.69 
294° 330 

z Hesuits negative, Heavy sferics activity. 

~ Started too late. Not in operation. 


1820:00.411 a. 0,023 


ow ere 
VE 


™ e 
IEE 
bd 
gS 
83 
we 
8 
° 


® 
W 92 a. 0.0096 W 
29 430 0.003 (L) 0.0059 (L) 


“Within limit of resolution. 
2VUDW ps p- 68 VS puy w EE apucu.e 


T » Annex A of Reference 3 has a detailed account of 
the National Bureau of Standards (NBS) local timing unit. A typical 
time record from a close-in station is shown in Figure 1 and one from a 
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TABLE 1 SUMMARY OF CASTLE RESULTS (Cont) 


Station/Agensy Time as received at the station (Z), corrected for nuclear detonation pulse and WkV 
Distance (km) transaission times; Remarks; Recorded asimiths to detonation points; Field Strength 
and caloulated data (v/m); a. Broadband, center-to-peak (W whip, L loop); b. Narroweband. 
asimuths to 

Bikini (B) and Shot 5 - 4 May 1954 - 1810:00.1562 Shot 6 - 13 May 1954 - 1820:00.4042 
Enivetok (B) Detonated at Bikini Detonated at Eniwetok 


1810:00.156 ~ 34.0 (Ww) 


\A 


a. 
810 300.154 a. 
bv. 


1820:00.404 a.~775.9 


ae wv 46 
b. 0.035 (8 ke) 
0.028 (12.5 ke) 


Sheaya/DRL 1810:00.155 a. 0.073 (W 1820:00.401 a. 0.037 
B 4,680; 209° 215° 58 0.42 (L) 210° £30 0.38 (L) 
B 4,750 : a aa 


Barrow/ a5. oF 5 «sc 
B 7,280 0.013 (8 ke) 0.014 (12.5 ke) 
BE 7,360 0.014 A 5 ke) 0.0011 (20 ke) 


0.51 
b. 0.012 (8 ke) 

0.919 (12.5 ke) 
0.00097 (20 ke) 


on AFH / Al r gn 1820:00.3 * 
B 8,0303 267° 2720 23° 
B 8,200; 269° 
Boulder/ Noo g 56 0.013 8 0.30 
B 9,200 0.0u% 12 db. 0.0068 (8 ke) 
E9,4600 . 0.00057 (20 : 0.017 (12.5 ka) 
DB 1810:00.157 a. 0.041 W 
630 308° 23° 0.032 (L 
: . 810300.17 * 


288° 23° 


cehook 

yeeiss 

tate! 
tt 


a. 0.259 (Ww) 
0.4 8 (L) 


0.0037 (8 ke) 
0.0040 (12.5 kc) 
0,000 


1810:00.17 _* 
95503 296° 298° 230 


Dow AFB/AF Record not available. 
B 11,750; 301° 
E 11.920 : 
YF Beach/ Ales 310100. i Not in operation. 
; 11,8503 291° 
U7 


Kirknewton/ta! 1810 300.158 a. 0.0086 (Ww) 1820:00.404 a. 0.012 (Ww) 
B 12,510; 12° 26° 23° 0.0063 (L 21° 230 0.0070 (L) 
B 12,530; 17° 


Gndliey APE/IN B10300.14 .Not in operation. 
B 12,860; 302° : : 
EB 13,100 


"Within limit of resolution. 
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T » Annex A of Reference 3 has a detailed account of 
the National Bureau of Standards (NBS) local timing unit. A typical 
time record from a close-in station is shown in Figure 1 and one from a 
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OISTANCES IN KM 
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Figure 6 Flot of selected Castle data showing the relationship between peak fie rength and yield on 
a north-south path. Probeble curves, draw by inspection, are shown ~ Barrow and Thnle,. 
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